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I NTRODUCT I ON 

As known rese rves  o f  l i g h t  crudes become depleted,  t h e  convers ion  o f  
heavy crudes and res idua  t o  d i s t i l l a t e  f u e l s  i s  becoming i n c r e a s i n g l y  impor- 
t a n t .  While rese rves  o f  Canadian and Venezuelan b i tumen and Arab ian  heavy 
O i l s  represent  vast, l a r g e l y  untapped resources, t h e i r  use fu lness  t o  a l a r g e  
e x t e n t  depends on ou r  a b i l i t y  t o  chemica l l y  conve r t  macromolecules such as 
asphaltenes and p o l a r  a romat i cs  t o  s m a l l e r  molecules b o i l i n g  t y p i c a l l y  i n  t h e  
m i d - d i s t i l l a t e / n a p h t h a  range. 
we need a much b e t t e r  understanding o f  t h e  s t r u c t u r e  and r e a c t i v i t y  o f  p e t r o -  
leum macromolecules, p a r t i c u l a r l y  asphaltenes. 

e l u c i d a t e  s t r u c t u r a l  c h a r a c t e r i s t i c s  o f  asphaltenes, t h e r e  apppears t o  be no 
consensus o f  o p i n i o n  even on major  i ssues  such as t h e  average s i z e  o f  asphal -  
tene aromatic u n i t s .  For  example, proposed s t r u c t u r e s  f o r  Athabasca pentane 
asphaltenes va ry  f rom t h e  t w e l v e - r i n g  naphtho-ovalene s t r u c t u r e  o f  Spe igh t (1 )  
t o  t h e  two- r i ng  s u l f u r  polymer s t r u c t u r e  o f  I gnas iak  e t  a1.(2). 
k i n d  o f  disagreement rega rd ing  crude asphal tene s t r u c t u r e s ,  i t  i s  easy t o  see 
why l i t t l e  p rog ress  has been made i n  t h e  a rea  o f  asphal tene r e a c t i v i t y .  

t a i n  molybdenum c a t a l y s t s  can s u b s t a n t i a l l y  reduce coke f o r m a t i o n  i n  t h e  hydro- 
convers ion o f  asphal tene - c o n t a i n i n g  feeds under the rma l  c r a c k i n g  c o n d i t i o n s .  
We have now a p p l i e d  t h i s  method t o  o b t a i n  asphal tene fragments i n  h i g h  y i e l d s  
f o r  c h a r a c t e r i z a t i o n  o f  t he  s t r u c t u r e  o f  asphal tenes f rom Co ld  Lake crude. The 
goal o f  o u r  work has been t o  d e f i n e  t h e  major  b u i l d i n g  b l o c k s  i n  Cold Lake as- 
phal tenes i n  o rde r  t o  begin t o  b r i n g  toge the r  the concepts o f  s t r u c t u r e  and r e -  
a c t i v i t y .  We have approached t h e  problem by c a r r y i n g  o u t  m i l d ,  thermal  hydro- 
convers ion r e a c t i o n s  on neat  asphal tenes and c h a r a c t e r i z i n g  b o t h  r e a c t a n t  and 
r e a c t i o n  products  i n  d e t a i l .  While p rev ious  research has concen t ra ted  o n  crude 
asphaltenes, we have focused on reac ted  asphaltenes. By combining s t r u c t u r a l  
and k i n e t i c  i n f o r m a t i o n  ob ta ined  i n  t h i s  s tudy,  we have been a b l e  t o  p o s t u l a t e  
a g l o b a l  asphal tene r e a c t i o n  mechanism which i s  c o n s i s t e n t  w i t h  a l l  o f  o u r  ob- 
servat  ions. 

To o p t i m i z e  t h e  u t i l i z a t i o n  o f  these feedstocks,  

While t h e r e  has been a s i g n i f i c a n t  amount o f  research  done t o  d a t e  t o  

Wi th t h i s  

Recen t l y  i t  has been repo r ted  by Bearden and A l d r i d g e ( 3 )  t h a t  c e r -  

l 
I 

EXPERIMENTAL 

Cold Lake asphal tenes f o r  t h i s  s tudy were prepared by p r e c i p i t a t i o n  
The p r e c i p i t a t e d  as- w i t h  n-heptane u s i n g  a so l ven t  t o  crude r a t i o  o f  20:l .  

phal tenes were separated f rom t h e  maltenes (n-heptane so lub les )  by f i l t r a -  
t i on ,  t hen  washed w i t h  an equal volume of n-heptane and d r i e d  a t  lOOoc i n  
vacuo. To ta l  y i e l d  o f  asphal tenes on crude was 12.6% (by  we igh t ) .  Elemental 
composi t ion was measured by r o u t i n e  a n a l y t i c a l  techniques. Oxygen was measured 
d i r e c t l y  by neu t ron  a c t i v a t i o n  a n a l y s i s  and n o t  ob ta ined  by d i f f e r e n c e .  Num- 
be r  average mo lecu la r  weights  were ob ta ined  by vapor pressure osmometry ( V P O )  
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i n  t o l u e n e  a t  500C. N i c k e l  and vanadium c o n c e n t r a t i o n s  were measured by 
atomic absorp t ion  spectrophotometry.  Mole f r a c t i o n s  aromat ic  carbon and hy- 
drogen were determined d i r e c t l y  by pu lsed F o u r i e r  t r a n s f o r m  nmr techniques. 
summary o f  a n a l y t i c a l  d a t a  f o r  t h e  r e a c t a n t  asphal tenes i s  g i v e n  i n  Table 1. 

A l l  r e a c t i o n s  were c a r r i e d  ou t  as ba tch  exper iments i n  t u b i n g  bomb r e -  
a c t o r s  us ing  e i t h e r  Cold Lake asphal tenes as p r e c i p i t a t e d  o r  Cold Lake asphal-  
tenes  impregnated w i t h  a molybdenum c a t a l y s t  which had been prev ious1 shown t o  
reduce coke f o r m a t i o n  i n  t h e  hydroconvers ion  o f  heavy h y d r o c a r b o n ~ . ( ~ y  I n  a 
t y p i c a l  exper iment t h e  r e a c t o r  was charged w i t h  f i v e  grams o f  asphal tenes and 
p r e s s u r i z e d  t o  6 MPa w i t h  hydrogen. 
i d i z e d  sandbath, h e l d  f o r  t h e  d e s i r e d  r e a c t i o n  t i m e  w h i l e  a g i t a t i n g ,  removed 
f r o m  t h e  b a t h  and quenched i n  c o l d  water. 
t u r e  was mon i to red  a t  a l l  t i m e s  u s i n g  a thermocouple l o c a t e d  i n  t h e  bomb. 
i c a l  heatup t i m e  f r o m  ambient tempera tures  t o  95% o f  r e a c t i o n  temperature was 
t h r e e  minutes. 
ber  i n t o  a gas bag. Hydrocarbon gases (Ci-Cq) were analyzed by gas chromato- 
graphy us ing  f lame i o n i z a t i o n  d e t e c t i o n  and 1 , l - d i f l u o r o e t h a n e  as  an i n t e r n a l  
standard. Toluene was used t o  remove t h e  l i q u i d  and s o l i d  p r o d u c t s  f r o m  the  
bomb and t h e  t o l u e n e  s o l u t i o n  was f i l t e r e d  t o  determine t h e  coke ( t o l u e n e  i n -  
so lub les)  y i e l d .  A f t e r  removing t o l u e n e  f r o m  t h e  f i l t r a t e  by vacuum, n-heptane 
was added t o  separa te  aspha l tenes  ( t o l u e n e  so lub le ,  n-heptane i n s o l u b l e )  from 
maltenes (n-heptane s o l u b l e ) .  Coke and aspha l tene f r a c t i o n s  were d r i e d  over-  
n i g h t  a t  l O O O C  i n  vacuo. An o v e r a l l  m a t e r i a l  ba lance was o b t a i n e d  by summing 
t h e  coke, asphal tene, ma l tene and gas f r a c t i o n s  and f o r  lower s e v e r i t y  runs av- 
eraged between 97-101%. F u r t h e r  s e p a r a t i o n  o f  maltenes i n t o  r e s i n s  ( p o l a r  aro- 
m a t i c s )  and o i l s  was ach ieved i n  s e l e c t e d  cases by  a d s o r p t i o n  o n t o  A t tapu lgus  
c l a y  us ing  a m o d i f i c a t i o n  o f  ASTM 02007 ( c l a y - g e l  s e p a r a t i o n ) .  

A 

It was then p lunged i n t o  a preheated, f l u -  

The temperature o f  t h e  r e a c t i o n  mix- 
Typ- 

A t  t he  end o f  a r u n  gases were vented th rough an H2S scrub- 

RESULTS AND DISCUSSION 

The thermal  hydroconvers ion  o f  Co ld  Lake asphal tenes was s t u d i e d  i n i -  
t a l l y  t o  p r o v i d e  a b a s i s  f o r  e v a l u a t i o n  o f  c a t a l y t i c  e f f e c t i v e n e s s  i n  subse- 
quent work. 
t h e  r e a c t i o n  produc ts  were separated as descr ibed p r e v i o u s l y .  Several  k i n e t i c  
models were t r i e d ,  b u t  a f t e r  examining t h e  v a r i a b i l i t y  o f  our data, we decided 
on t h e  s i m p l e  f i r s t - o r d e r  aspha l tene decomposi t ion model shown below: 

S e r i e s  o f  thermal  r u n s  were made a t  335OC, 365OC and 400OC and 

A + aA* + bM 

= we igh t  f r a c t i o n  r e a c t a n t  asphal tenes where A 

A* = we igh t  f r a c t i o n  r e a c t e d  asphal tenes 

M = we igh t  f r a c t i o n  maltenes 
a,b = s t o i c h i o m e t r i c  c o e f f i c i e n t s  (based o n  we igh t )  

Rate  express ions  f o r  t o t a l  asphal tenes and maltenes were i n t e g r a t e d  t o  y i e l d  
Equat ions ( 2 )  and ( 3 ) .  
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A t  = a + ( l -a)e-k t  

M = b ( l - e - k t )  

Equations ( 2 )  and (3) were f i t  t o  exper imenta l  d a t a  us ing  non- l i nea r  reg ress ion  
t o  o b t a i n  va lues o f  t h e  f i r s t - o r d e r  r e a c t i o n  r a t e  cons tan ts  and t h e  s t o i c h i o -  
m e t r i c  c o e f f i c i e n t s  a t  each tempmature.  The convers ion  da ta  f rom the  400OC 
thermal r u n  and the  best  f i t  o f  t h e  k i n e t i c  model are shown i n  F igu re  1. It 
i s  i n t e r e s t i n g  t o  n o t e  t h a t  a t  t h e  t i m e  o f  i n c i p i e n t  coke f o r m a t i o n  p60 min- 
u t e s )  t h e  asphal tene and mal tene d a t a  d e v i a t e  f rom p r e d i c t e d  f i r s t - o r d e r  be- 
hav ior .  From t h i s  we concluded t h a t  bo th  asphal tenes and maltenes were par-  
t i c i p a t i n g  i n  secondary coke- forming reac t i ons .  F u r t h e r  separa t i on  o f  t h e  
maltenes i n t o  r e s i n s  ( p o l a r  aromat ics)  and o i l s  conf i rmed t h i s  t o  be t r u e  and 
showed t h a t  it was t h e  r e s i n  f r a c t i o n  t h a t  was i n v o l v e d  i n  coke fo rma t ion .  

The same exper iments were r u n  us ing  asphal tenes impregnated w i th  moly- 
bdenum. The convers ions and bes t  f i t  o f  t h e  k i n e t i c  model a t  400OC a r e  shown 
i n  F igu re  2. Prev ious work(4) had suggested t h a t  t h e  molybdenum would s u l -  
f i d e  and thus  be a b l e  t o  a c t i v a t e  hydrogen r e s u l t i n g  i n  improved hydrogen 
t r a n s f e r  t o  r a d i c a l  f ragmen ta t i on  products .  Increased hydrogen t r a n s f e r  above 
t h e  thermal base case would e x p l a i n  t h e  s t a b i l i z a t i o n  o f  r e s i n  fragments shown 
i n  F igu re  2 and the  lower o l e f i n / p a r a f f i n  r a t i o  i n  the gas i l l u s t r a t e d  i n  Table 
2 f o r  t h e  C3 gases. 

f o r  t he  thermal and c a t a l y t i c  runs was assumed t o  f o l l o w  t h e  Arrhenius r e l a -  
t i o n s h i p  and the  r e s u l t i n g  p l o t  o f  t hese  d a t a  i s  shown as F i g u r e  3 .  As we can 
see, t he  c a t a l y s t  had no r e a l  e f f e c t  on t h e  a c t i v a t i o n  energy. I t  did,  how- 
ever, increase t h e  r a t e  o f  r e a c t i o n  a t  a l l  temperatures. 
t hese  data, though, i s  a t  b e s t  somewhat s u b j e c t i v e .  
tems l i k e  these, t h e  measured r a t e  i s  g e n e r a l l y  cons idered t o  b e  t h a t  o f  t he  
s lowest  o r  r a t e - l i m i t i n g  s tep  i n  t h e  r e a c t i o n  sequence. 
a c t i v a t i o n  energ ies ob ta ined  s t r o n g l y  suggest t h a t  pr imary bond b reak ing  i s  n o t  
t h e  r a t e - l i m i t i n g  s tep  and t h a t  some o t h e r  s tep  such as hydrogen t r a n s f e r  m igh t  
be. 
proved hydrogen t r a n s f e r  c o n d i t i o n s .  

prov ided us w i t h  an e x c e l l e n t  o p p o r t u n i t y  t o  look c l o s e r  a t  t h e  s t r u c t u r e  o f  
t h e  reac ted  asphaltenes. 
c o u l d  be separated and analyzed d i r e c t l y .  There were n o  mal tenes i n i t i a l l y  so 
these  molecules must a t  one t i m e  have been a t tached  t o  t h e  r e a c t a n t  asphal tene 
molecules. Furthermore, t h e  reac ted  asphal tenes c o u l d  a l s o  be analyzed t o  de- 
te rm ine  what chemical changes were t a k i n g  p l a c e  d u r i n g  r e a c t i o n .  

s u l f u r  and n i t r o g e n  l e v e l s .  F igu re  4 shows a p l o t  o f  t h e  (H/C) values i n  the 
reac ted  asphaltenes and t h e  product  maltenes. A s  can b e  seen, t h e  (H/C) r a t i o  
i n  t h e  reac ted  asphal tenes drops c o n t i n u o u s l y  w h i l e  t h a t  o f  t he  p roduc t  mal- 
t enes  r i s e s  cont inuously .  
and maltene f r a c t i o n s  r i s e s  s l i g h t l y  i n d i c a t i n g  the  a d d i t i o n  o f  some hydrogen 
t o  t h e  system. Th is  i s  t h e  k i n d  o f  behav io r  t h a t  m i g h t  be expected o f  an as- 
phal tene s t r u c t u r e  c o n t a i n i n g  a l a rge ,  hydrogen d e f i c i e n t  co re  t o  which a r e  
at tached smal ler ,  hydrogen-r ich molecules.  I t  i s  n o t  c o n s i s t e n t  w i t h  t h e  

The temperature dependence o f  t h e  r e a c t i o n  r a t e  cons tan ts  ob ta ined  

I n t e r p r e t a t i o n  o f  
I n  complex r e a c t i o n  sys- 

The l o w  va lues  of t h e  

Th is  i s  supported by t h e  f a c t  t h a t  t h e  observed r a t e  increased under i m -  

The unique behav io r  o f  t h e  asphal tenes i n  t h e  presence o f  molybdenum 

Since these  r e a c t i o n s  were c a r r i e d  o u t  neat, mal tenes 

Elemental a n a l y s i s  showed some i n t e r e s t i n g  r e s u l t s  w i t h  r e g a r d  t o  H/C, 

The weighted average o f  t h e  measured asphal tene 
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s m a l l e r  asphal tene s t r u c t u r e  proposed by Ignas iak  e t  a1.(2) f o r  Athabasca 
asphaltenes. 

Next t h e  q u e s t i o n  o f  s u l f u r  d i s t r i b u t i o n  was addressed. S u l f u r  i n  
the  asphal tene and mal tene f r a c t i o n s  was measured d i r e c t l y  and t h a t  i n  the  
gas was ob ta ined by d i f f e r e n c e .  The r e s u l t  f o r  t h i s  same s e r i e s  o f  r u n s  i s  
shown i n  F i g u r e  5. What we found was i s  t h a t  approx imate ly  50% o f  t h e  s u l f u r  
remained i n  t h e  r e a c t e d  asphaltene, 26% was found i n  the maltenes w h i l e  22% 
wound up i n  t h e  gas (presumably as H p S ) .  Stud ies  w i t h  model s u l f u r  compounds 
under the  same r e a c t i o n  c o n d i t i o n s  l e d  US t o  conclude t h a t  t h e  m a j o r i t y  o f  the  
s u l f u r  i n  b o t h  t h e  aspha l tene and maltene produc ts  was e i t h e r  h e t e r o c y c l i c  o r  
an i n t e r m e d i a t e  r e a c t i o n  produc t  f rom t h e  cleavage o f  d i a r y 1  o r  a l k y l - a r y l  
s u l f i d e  l inkages .  More e a s i l y  c leaved bonds such as those i n  d i a l k y l  s u l f i d e s  
o r  d i s u l f i d e s  were f o u n d  t o  be conver ted  v e r y  q u i c k l y .  

r e s u l t s  are shown i n  Tab le  3.  What we found was t h a t ,  u n l i k e  s u l f u r  which i s  
d i s t r i b u t e d  p r e t t y  e v e n l y  between t h e  asphal tene c o r e  and t h e  p e r i p h e r a l  groups, 
n i t r o g e n  i s  p r i m a r i l y  i n  the  c o r e  s t r u c t u r e .  I n  a d d i t i o n ,  d u r i n g  r e a c t i o n  very 
l i t t l e  i f  any o f  t he  n i t r o g e n  i s  removed f r o m  the  system. T h i s  suggests t h a t  
n i t r o g e n  i s  i n  p redominant ly  condensed h e t e r o c y c l i c  s t r u c t u r e s  i n  t h e  c o r e  w i t h  
on l y  about 12-14% e x i s t i n g  a s  s m a l l e r  condensed n i t r o g e n  s t r u c t u r e s  on the  pe- 
r i p h e r y  . 

t i o n s .  Combined r e s u l t s  i n d i c a t e d  t h a t  over 50% o f  t h e  oxygen was l i b e r a t e d  
dur ing  these r e a c t i o n s  as  gaseous spec ies  and t h i s  i s  i n  good agreement w i t h  
r e c e n t l y  p u b l i s h e d  work o f  Moscopedis e t  a l .  (5) suggest ing t h e  presence o f  
c a r b o x y l i c  a c i d  and a ldehyde f u n c t i o n a l i t y .  

I n  a d d i t i o n  t o  e lementa l  analyses, number average molecu la r  weights 
(nn) were o b t a i n e d  on b o t h  aspha l tene and maltene f r a c t i o n s  f rom t h i s  ser ies .  
The r e s u l t i n g  curves  a r e  shown i n  F i g u r e  6. The s t a r t i n g  asphal tenes are ob- 
served t o  have a number average molecu la r  we igh t  o f  6640: 120. 
m o n o t o n i c a l l y  t o  an apparent  asymptote o f  3400. A t  t h e  same t ime, maltenes 
which are produced e x h i b i t  much lower m o l e c u l a r  we igh ts  s t a r t i n g  a t  645 and 
decreasing t o  415. 
maltenes, once formed, c o n t i n u e  t o  b reak  down. 
t i o n  i n  average m o l e c u l a r  we igh t  i s  c o n s i s t e n t  w i t h  t h e  concept t h a t  asphal-  
tenes have a l a r g e r  c o r e  s t r u c t u r e  t o  which are a t tached s m a l l e r  (%1/10 t h e  
s i z e  of the  c o r e )  groups. We a r e  n o t  s a y i n g  t h a t  3400 represents  t h e  mole- 
c u l a r  weight o f  t he  c o r e  s t r u c t u r e .  Exper imental  nmr and o t h e r  VPO evidence 
p o i n t s  t o  t h e  c o n t r a r y .  We are saying t h a t  a t  400OC we have broken a l l  bonds 
t h a t  can  be t h e r m a l l y  b roken a t  a reasonable r a t e  and are  l e f t  w i t h  t h e  c o r e  
p l u s  p e r i p h e r a l  groups a t t a c h e d  by much s t r o n g e r  bonds ( i .e.  b ipheny l  l inkages, 
e tc . )  and some a l k y l  s i d e  cha ins .  

One o f  t h e  most p o w e r f u l  t o o l s  a v a i l a b l e  t o  us f o r  c h a r a c t e r i z a t i o n  o f  
these f r a c t i o n s  i s  n u c l e a r  magnet ic resonance spectroscopy. Pro ton  and 13C 
F o u r i e r  t rans form nmr s p e c t r a  were run  i n  deuteroch lo ro fo rm o n  these same as- 
pha l tene and maltene samples and some of t h e  s p e c t r a  a re  shown i n  F i g u r e s  7 
and 8. 
with Mn = 3400 s t i l l  have 40% a l i p h a t i c  carbon. 
f i r m  these as  predominant ly  p a r a f f i n i c  s i d e  cha ins  a l though some naphthenic 

N i t r o g e n  was a l s o  measured i n  t h e  asphal tenes and maltenes and t h e  

Oxygen was measured o n l y  i n  t h e  asphal tenes due t o  sample s i z e  l i m i t a -  

T h i s  decreases 

It i s  n o t  unreasonable a t  t h i s  p o i n t  t o  p o s t u l a t e  t h a t  t h e  
Here again, t h e  observed v a r i a -  

One o f  t h e  f i r s t  i n t e r e s t i n g  p o i n t s  we f i n d  i s  t h a t  t h e  asphal tenes 
Both 13C and 1H spec t ra  con- 
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charac te r  s t i l l  remains. 
pha l tene  co re  s ince  the  sma l le r  p e r i p h e r a l  gorups are a l s o  known t o  be h i g h l y  
a l k y l  Subs t i t u ted .  
Of aromat ic  carbon and hydrogen du r ing  r e a c t i o n  i s  c o n s i s t e n t  w i t h  ( 1 )  t h e  
l o s s  Of a l k y l  s i d e  chains,  (2 )  loss o f  h i g h l y  s u b s t i t u t e d  aromat ic  and naph- 
t h e n i c  groups, and ( 3 )  l o s s  o f  naphthenic  hydrogen. We b e l i e v e  t h a t  t o  a c e r -  
t a i n  degree a l l  of these a re  o c c u r r i n g  b u t  t h a t  (2 )  i s  t h e  dominant r e a c t i o n .  
We can a l s o  say based o n  subsequent exper imenta l  work us ing  n-decy l  benzene as 
a model a l k y l  aromat ic  t h a t  under these c o n d i t i o n s  (400OC, 120 min, 7 MPa 
H2) 8 - s c i s s i o n  o f  a l k y l  s i d e  cha ins  i s  p r e f e r r e d  20:l  o v e r a .  

One mal tene sample generated under somewhat m i l d e r  c o n d i t i o n s  (3 h rs ,  
365OC, CoMo/y-A1203) was analyzed by gas chromatogrpphy and t h e  r e s u l t i n g  
chromatograph i s  shown i n  F i g u r e  9. I t  i s  c l e a r  t h a t  w h i l e  t h e  v a s t  m a j o r i t y  
o f  t h e  area i s  con ta ined  i n  t h e  lower  envelope, a d e f i n i t e  p a t t e r n  o f  regu-  
l a r l y - spaced  peaks i s  observable above t h e  base. 
chromatography/mass spect rometry  as n - p a r a f f i n s  ranging i n  l e n g t h  f rom C11 t o  
C39. The sma l le r  peaks i n  between were i d e n t i f i e d  as p r i m a r i l y  i s o - p a r a f f i n s  
which may have been formed by i s o m e r i z a t i o n  d u r i n g  hydroconvers ion over  t h e  
somewhat a c i d i c  CoMo/Y-A1203 o r  which may rep resen t  t h e  n a t u r a l  d i s t r i b u t i o n  o f  
i s o p a r a f f i n s  i n  t h e  a l k y l  s i d e  chains.  

t h e  concept t h a t  Cold Lake asphal tenes have somewhat l a r g e ,  hyd rogen-de f i c ien t  
co re  s t r u c t u r e s  t o  which are a t tached  a l k y l  s i d e  cha ins  and h i g h l y  s u b s t i t u t e d  
aromat ic  groups. We have shown t h a t  s u l f u r  tends t o  be r e l a t i v e l y  e v e n l y  d i s -  
t r i b u t e d  between t h e  co re  s t r u c t u r e  and t h e  p e r i p h e r a l  groups and t h a t  n i t r o -  
gen i s  concentrated predominant ly  i n  t h e  core.  The o v e r a l l  p i c t u r e  o f  asphal -  
t ene  r e a c t i v i t y  t h a t  has emerged f rom t h i s  i s  shown schemat i ca l l y  i n  F i g u r e  10. 
Dur ing m i l d  hydroconversion, weaker l i nkages  a re  t h e r m a l l y  broken r e s u l t i n g  i n  
the  format ion o f  mal tenes hav ing a h i g h e r  (H/C) and reac ted  asphal tenes having 
a lower (H/C). 
I n  t h e  absence o f  e f f e c t i v e  hydrogen t r a n s f e r ,  some o f  these r e a c t i o n  f r a g -  
ments can recombine t o  fo rm coke. With improved hydrogen t r a n s f e r  t h e  c o k i n g  
r e a c t i o n s  can be s i g n i f i c a n t l y  delayed. T o t a l  conve rs ion  o f  asphal tenes t o  
maltenes would a t  t h i s  p o i n t  seem t o  be an improbable goa l ;  however, more re -  
search i s  needed i n  o rde r  t o  see how f a r  t h e  s t r u c t u r a l  concepts developed here 
f o r  Cold Lake asphal tenes can be genera l i zed  t o  o the rs .  

These s i d e  cha ins  need n o t  be connected t o  t h e  as- 

I n  genera l  we can say t h a t  t h e  i nc rease  i n  t h e  f r a c t i o n  

These were i d e n t i f i e d  by gas 

I n  summary, we have presented exper imenta l  evidence which suppor ts  

Some a l k y l  s i d e  chains a r e  a l s o  l o s t  predominant ly  by @-sc i ss ion .  
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Figure 2 - Hydroconversion of Cold Lake Crude Asphaltenes with 200 ppm 
Molybdenum at 400°C and 6 MPa H2. 
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Figure 9 - Gar Chromatogram of Maltene Fraction from Run o t  365OC. 6 MPa H2, 3 hr. 

"2 + 

A k =  A' + M 
Figue 10 - Reaction Mechonim for Arpholtene HyQoconverrion. 
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